AIMS: To analyze various changes in the red blood cell (RBC) parameters in patients with chronic kidney disease (CKD) and to correlate it with the stage of the disease.
Introduction

C
hronic renal failure has attained overriding importance due to associated profound morbidity, mortality, and its impact on lifestyle after the proposal of the Kidney Disease Improving Global Outcomes guidelines for the treatment of patients with chronic kidney disease (CKD). The hematological changes associated with chronic kidney failure are the leading contributing factors for morbidity and mortality. Since the 19 th century, because of newer studies and research methodologies, the management and treatment outcome of CKD has changed drastically and hence has a better quality of lifestyle and lesser comorbidities. [1] The major outcomes of CKD, regardless of the specific diagnosis, include progression to kidney failure and development of cardiovascular complications. Increasing evidence shows that early detection and therapeutic interventions in the earlier stages may prevent or ameliorate some of these complications, as well as slow down the progression to kidney failure.
Renal diseases are associated with a variety of hematological changes, and anemia is the most predominant feature. Pathogenesis of anemia in patients with CKD is multifactorial, but deficiency of erythropoietin (EPO) is the primary cause. Others include hemolysis and shortened red cell survival, iron deficiency, Vitamin B12 and folate deficiency, blood loss (dialyzer, sampling, and gastrointestinal), aluminum toxicity, osteitis fibrosa cystica, anemia of chronic disease due to recurrent infection, and EPO resistance. [3] Anemia in CKD is usually normocytic normochromic, but sometimes, it can be microcytic hypochromic due to superimposed iron deficiency anemia and hypoproliferative due to reduced EPO activity in the bone marrow. [4] Patients may also show macrocytic anemia due to Vitamin B12/folate deficiency, dialysis-induced changes in red cell volume, and bone marrow suppression. [5] Hematocrit is reduced in these patients due to hemodilution. [4] Reticulocyte count in these patients is relatively low for the degree of anemia, but peripheral blood smear is often normal with low polychromasia and occasional burr cells and acanthocytes. [4] Anemia is an independent risk factor for the development of cardiac dysfunctions such as increased cardiac output, cardiac enlargement, left ventricular hypertrophy, and congestive cardiac failure. It may decrease the quality of life and exercising capacity. Cardiovascular diseases account for 40%-50% of all deaths in patients with chronic renal failure. [3] Epidemiological data by the National Health and Nutrition Examination Survey 3 and the Kidney Early Evaluation Program show an increase in the prevalence of anemia in individuals aged >61 years in the presence of Stage 3 CKD or higher. According to the World Health Organization (WHO), the prevalence of anemia is 43% in patients with CKD. [6] The WHO defines anemia as hemoglobin (Hb) concentration lower than 13 g/dl in men and postmenopausal women and lower than 12 g/dl in younger women.
As renal function deteriorates, slow and progressive decrease in Hb concentration is observed, particularly in patients with glomerular filtration rate (GFR) 30 ml/min/1.73 m 2 . 75% of uremic patients who require dialysis have hematocrit value of <30% and most of them are transfusion dependent. [2] Evaluation of anemia in chronic kidney disease 1 . Complete blood count [7] [8] [9] a. Red blood cell (RBC) count, Hb concentration, and hematocrit 
Materials and Methods
The study was carried out in the clinical laboratory of Kasturba Medical College and Hospital for the duration of 2½ years (November 2011 to June 2014). Three hundred diagnosed cases of CKD were analyzed.
This was a hospital-based retrospective and prospective study (ambispective study). Three hundred diagnosed cases of CKD as per the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative criteria regardless of its primary cause were chosen. GFR was estimated using MDRD study equation. [10] Estimated glomerular filtration rate = 175 × standardized Scr −1.154 × age
Multiply by 0.742 for women.
All patients with CKD admitted to Kasturba Hospital were analyzed for the following parameters: RBC count; Hb; hematocrit; MCV; MCH; MCHC; serum iron profile (serum total iron, total iron-binding capacity, and serum ferritin levels); and peripheral smear for type of anemia and features of hemolysis, blood urea, and serum creatinine.
Clinical details were collected from the medical record department, and hematological and biochemical data were retrieved using hospital information system and from research population data for CBC.
Statistical analysis
Statistical Package for Social Sciences (SPSS), IBM SPSS Statistics 20.0 was used for statistical analysis.
Nonparametrical test was used to compare parameters with different stages of renal failure. Spearman's rho correlation study was used for statistical significance and type of correlation (positive or negative). Fisher's exact test was used for categorical data. P < 0.05 was considered statistically significant.
Results
Three hundred patients with CKD were included in the study. The age distribution of the study population ranged from 18 years to 82 years with a mean age of 52 ± 14 years. Majority of patients were between 51 and 70 years of age. There were 243 (81%) males and 57 (19%) females. /µl. A significant fall in the RBC count was noted as the stage of CKD progressed [ Table 1 ]. Patients with normal RBC counts in advanced CKD were due to treatment with EPO. These findings were statistically significant (P = 0.001) .
Hb percentage ranged from 3.6 to 14.2 g/dl with a mean of 9.31 ± 0.52 g/dl. Thirty-three percent of patients showed normal to mildly reduced (>10 g/dl) Hb, and 67% of patients showed decreased Hb <10 g/dl. 60% and 74% of patients with Stage 4 and 5 CKD, respectively, showed Hb of < 10 g/dl. Deviation in Hb percentage is directly proportional to RBC count and hematocrit (PCV). The findings were statistically significant (P = 0.001) [ Table 2 ].
Hematocrit ranged from 11.6% to 42% with a mean of 28.48% ± 7.8%. Thirty-seven percent of patients had normal to mildly reduced hematocrit of >30%, and 63% of patients had hematocrit of <30%. Majority of patients with PCV <30% were in Stage 4 or 5 renal disease. The findings were statistically significant (P = 0.001). On follow-up of patients after hemodialysis, no significant changes were seen in RBC count, Hb, and hematocrit, but in few patients, worsening of anemia was noted.
P values for MCV = 0.576, MCH = 0.392, and MCHC = 0.267 were not found to be statistically significant [ Table 3 ].
More than 70% of patients had normal MCV, MCH, and MCHC values.
MCV value ranged from 57 to 132.9 fl with a mean value of 86 ± 7.07 fl. Seventy percent of patients had normal MCV, whereas 27.6% of patients had decreased MCV with microcytes in peripheral smear. Among 6 (2.1%) patients with high MCV, two had macro-ovalocytes with decreased serum B12 and folate levels.
MCH value ranged from 16.7 to 44.8 pg with a mean of 28.4 ± 2.59. MCHC value ranged from 11.8 to 37.1 with a mean value of 32.8 ± 1.71. Correlation of MCV, MCH, and MCHC values with stages of CKD was statistically not significant. The most frequent peripheral smear picture seen predominantly was normocytic normochromic anemia (94%), followed by microcytic hypochromic anemia in 3.4% of cases and macrocytic anemia in 2.6% of cases. Of the eight cases of macrocytic anemia, serum B12/folate levels were done in only two patients, and it was decreased in both the patients.
Among 10 patients with microcytic hypochromic anemia, only one patient showed serum iron profile suggestive of iron deficiency whereas others showed anemia of chronic disease.
Other significant findings on peripheral smear were polychromasia and anisocytosis. Anisocytosis and polychromasia were mostly seen in patients with normocytic normochromic blood picture with microcytes.
Patients with iron deficiency and infections showed anisopoikilocytosis. Echinocytes were seen in only 1 (0.3%) case. As we use the ICSH guidelines for grading of peripheral smears, echinocytes were reported only when they were more than 5% and hence probably the incidence of echinocytes is less in our study [ Figure 1 ].
Features of hemolysis were predominantly seen in patients with Stage 5 CKD and few with Stage 4 disease [ Figure 2 ].
Among 300 cases, 44 (14.7%) cases showed spherocytes, fragmented RBC was seen in 28 (9.3%) cases, and schistocytes were seen in 2 (0.7%) cases. Spherocytes were observed in patients with very high blood urea levels (Stage 4 and 5). All the patients with spherocytes showed negative autoimmune serology finding, except in five cases where the cause of renal failure was SLE.
Discussion
Our study demonstrated a low RBC count in the study population which worsened as the renal function deteriorated. Only those cases who received EPO showed normal RBC counts along with normal Hb and PCV. A statistically significant correlation was observed between the severity of anemia and the stage of renal failure, suggesting that severe anemia is more likely to be associated with Stage V renal failure. On follow-up of these patients after hemodialysis, the severity of anemia worsened. These findings agree with the studies by Suresh et al., [11] Talwar et al., [12] and Singh et al., [13] which also showed low RBC counts, Hb, and hematocrit values associated with CKD patients [ Table 4 ].
In the study by Alghythan and Alsaeed [16] (Saudi Arabia), RBC count, Hb, and PCV levels, although within normal range, were significantly lower when compared with the control population.
Primary cause of decrease in RBC count, Hb, and hematocrit (RBC mass) in chronic renal failure is 3  6  19  1  4  21  1  1  25  0  4  17  49  1  12  52  3  6  58  3  5  59  143  4  46  152  8  11  186  9  Total  83  211  6  63  225  12  18  270  12 MCV=Mean corpuscular volume; MCH=Mean corpuscular hemoglobin; MCHC=Mean corpuscular hemoglobin concentration impaired EPO production and shortened red cell survival, due to the effect of uremic plasma which increases the expression of phosphatidylserine on outer leaflet of red cell membrane and hence increased recognition of the damaged red cells by macrophages leading to their destruction. Other causes for anemia in our study group were iron-deficiency anemia, and few cases showed Vitamin B12/folate deficiency.
Hematocrit provides accurate reflection of the extent of reduction of red cell mass in chronic renal failure. The severity of anemia was found to be directly associated with the stage of renal failure. The findings in the present study agree with the study by Arun et al., [17] which showed lower values of Hb toward lesser values of GFR [ Table 5 ]. Similar studies done by Shittu et al. [14] and Khanam et al. [18] showed decline in the mean RBC count as stage of renal failure progressed.
Majority of patients (>70%) with CKD in our study population showed normal MCV, MCH, and MCHC values. The present study agrees with the studies by Talwar et al., [12] Singh et al., [13] and Alghythan and Alsaeed, [16] in which majority of patients showed normal RBC indices.
A study conducted by Shittu et al. [14] showed comparatively lower MCV and MCH values, but it was not statistically significant because the control population also showed similar values and did not show significant differences in RBC indices in different stages of renal failure. Similarly, in our study, patients in different stages of renal failure did not show significant changes in RBC indices.
Total serum iron in the present study is in accordance with the study by Talwar et al., [12] but the mean serum ferritin values are high because of unequal distribution of values ranging from 5 to >2269. This is also because most of cases in our study had anemia of chronic disease with lower mean TIBC levels.
A study by Singh et al. [13] showed higher mean values for serum iron and lower serum ferritin levels than Singh et al. [12] Arun et al. [ our study. This is because patients had received EPO therapy, and fall in serum ferritin in these cases indicates iron utilization by replicating erythroid cells. In our study, only few patients had received EPO; therefore, no significant decrease in the mean serum ferritin levels was observed.
In 2010, Jairam et al. [19] showed that 60% of the end-stage renal disease patients in their study had adequate iron stores, most of them had received parenteral iron therapy before presentation to their hospital, and iron deficiency was seen among who had not received intravenous iron. Hence, wide use of parenteral iron and repeated transfusions in cases of CKD had led to iron overload. They also concluded that the use of serum ferritin alone for defining iron overload is faulty, because 2-3-fold elevations in the ferritin (acute phase reactant) levels with inflammatory activation are known, which is common in patients with CKD.
On comparison of peripheral smear, the results in the present study are similar to the studies by Singh et al. [13] and Bhatta et al., [20] where majority of cases showed normocytic normochromic picture [ Table 6 ]. The differences in the smear findings between different studies are due to the variation in the sample size and difference in the study population.
Talwar et al. [12] showed a higher incidence of microcytic hypochromic anemia compared to our study population. Lesser incidence in our study population could be explained by the fact that majority of patients in advanced stages of renal failure receive oral or parenteral iron as prophylactic even before evaluation for iron deficiency.
Normocytic normochromic anemia in renal failure patients is mainly hypoproliferative anemia due to EPO deficiency leading to bone marrow suppression and peripheral destruction. *In the study by Arun et al., [17] 25% of cases showed features of both normocytic normochromic anemia and microcytic hypochromic anemia, but iron deficiency was associated with only subset of cases.
Conclusion
Anemia is a leading cause of morbidity in patients with CKD, and it worsens with the stage of the disease. The most common type of anemia is normocytic normochromic anemia due to EPO deficiency and microcytic hypochromic anemia due to iron deficiency. Evaluation of Hb and RBC parameters in patients with CKD helps in classifying the type of anemia and aids in choosing the correct treatment modalities and avoids unnecessary iron overload in the patients.
